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(57) ABSTRACT 

A packoff nipple for sealing an annular space in a well pipe 
has a tubular body, a sealing assembly positioned around the 
tubular body capable of axial movement along the tubular 
body and a stop to restrain the sealing assembly from extrud 
ing in-to the annular space. The sealing assembly includes 
one or more elastomeric sealing rings having a circumferen 
tial groove formed in a downhole face. An axially moveable 
actuator, such as a packer cup, engages the sealing ring 
assembly to causes at least a portion of the sealing rings to 
expand radially outwardly to seal the annular space and cause 
the sealing ring assembly to contact the uphole stop. The 
sealing rings are axially compressed between the uphole stop 
and the actuator to further expand the sealing rings. The 
uphole stop may be concave to urge the sealing rings away 
from the well pipe to avoid extrusion or permanent deforma 
tion. 

17 Claims, 16 Drawing Sheets 
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Fig. 2A 
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PACKOFF NIPPLE 

FIELD OF THE INVENTION 

The invention relates to a packoff nipple and structures 
supporting packoff nipples and more particular to a non 
extruding packoff nipple and arrangement thereof for sealing 
an annular space in a Well pipe. 

BACKGROUND OF THE INVENTION 

It is often the case that Wells require stimulation to restart or 
enhance hydrocarbon ?oW. Such stimulation typically 
involves pumping stimulation ?uid into the hydrocarbon 
bearing formation under pressure. Stimulation ?uid may 
comprise components such as acid, sand, and energiZed car 
bon dioxide and nitrogen gases that, alone and under high 
pressures, can be damaging to the structural integrity and 
internal surfaces of a Wellhead assembly that is installed at the 
top of a Well casing or tubing. In other instances, it is preferred 
to localiZe the effects of elevated pressure in a Well. 

To protect a Wellhead from damage including from high 
pressures and corrosive or erosive materials used during 
stimulation of a Well, a Wellhead isolation tool is used. Such 
a Wellhead isolation tool typically includes a tubular mandrel 
inserted through the Wellhead, bloW out preventors (BOP) 
and the like and into the Well tubing or casing therein, such 
that pressurized stimulation ?uids pass through the mandrel 
Without exposure to the Wellhead and surface equipment 
components. To completely seal the Wellhead from stimula 
tion ?uids during operation, the mandrel has a sealing means, 
commonly referred to as a sealing nipple or packoff nipple, at 
its doWnhole end for achieving a ?uid seal against the inside 
of the tubing or casing While under high stimulating pressure. 
Such packoff nipples are very Well knoWn in the art. For 
example, US. Pat. No. 4,023,814 to Pitts, US. Pat. No. 
4,111,261 to Oliver, 1978, Canadian Patent 1,169,766 to 
McLeod and US. Pat. No. 5,060,723 to Sutherland and 
Wenger disclose an annular elastomeric sealing cup attached 
in a ?xed position to a nipple body Which expands radially 
under high ?uid pres sures to form a friction seal of the annular 
space betWeen the nipple body and the Well tubing or casing. 
Oliver further discloses an elastomeric packer ring ?xedly 
positioned above the sealing cup as a secondary sealing 
means. More recently, axially moveable annular elastomeric 
sealing members have been disclosed Whereby stimulation 
pressures force an elastomeric member to move upWardly and 
extrude into a narroWing annular space, thereby resulting in 
an extrusion seal. For example, in US. Pat. No. 5,261,487 to 
McLeod and Roesch, a loWer sealing cup expands radially 
and moves upWardly against an upperpacker ring. The packer 
ring is then forced to extrude betWeen a shoulder section 
projecting outWardly from the nipple body and the Well cas 
ing or tubing. In US. Pat. No. 6,918,441 to Dallas, rather than 
using packer ring, a top portion of a sealing cup is extruded. In 
both cases, hoWever, both a friction seal and an extrusion seal 
are formed. When pressure is equalized and the nipple is 
Withdrawn from the tubing, the elastomeric members are 
anticipated to collapse to their original shape thereby alloW 
ing safe extraction of the Wellhead isolation tool. 

To remove the packoff nipple after Well stimulation opera 
tions are completed, the residual Well pressure is equaliZed 
above the packoff nipple in the objective of relaxing the 
elastomeric seals to thereby alloW for safe extraction of the 
packoff nipple. 

In general, elastomeric seals of prior art packoff nipples are 
susceptible to damage during Well tubing or casing entry or 
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2 
exit, particularly When the packoff nipple must pass areas of 
restricted internal diameter. This can be particularly problem 
atic With extruded seals, Which typically become permanently 
deformed When actuated. Prior art packoff nipples are also 
prone to seal pre-activation during Well tubing entry Whereby 
the seals are forced from their protective running-in condition 
to an actuated condition, thereby increasing the likelihood of 
seal damage. In any case, damage to the seals does not permit 
the packoff nipple to be reused and also results in damaged 
seal material being left in the Well, thereby increasing the cost 
of operations. 

Other di?iculties encountered by prior art packoff nipples 
include seal failure due to seal damage by exposure to 
extreme temperatures associated With CO2 and N2 stimulat 
ing ?uids, as Well as due to misalignment of the packoff 
nipple in the Well tubing. 

There is, therefore, a need for an improved packoff nipple. 

SUMMARY OF THE INVENTION 

The invention provides an improved packoff nipple that 
provides a non-extruding sealing means for sealing an annu 
lar space in a Well pipe, such as in response to differential 
pressures across the packoff nipple. Herein, one embodiment 
of the packoff nipple is described in the context of isolating 
high pressures doWnhole of the packoff nipple and orienting 
terms of doWnhole and uphole are used and understood to 
apply in that context, although other orientations are possible 
and the term doWnhole Would then also refer to the higher 
pressure side of the packoff nipple. 

In one embodiment, the packoff nipple provides one or 
more elastomeric sealing rings adapted to seal the annular 
space in response to an actuating mechanical force, prefer 
ably pressure-induced, exerted against each sealing ring. Fur 
thermore, the packoff nipple is adapted to axially compress 
the sealing rings in response to increasing pressure. Upon 
equaliZation of the pressure differential across the packoff 
nipple, the sealing rings substantially return to their pre 
actuated shape, thereby permitting the packoff nipple to be 
safely extracted from the Well pipe Without incurring damage 
to the sealing rings. The packoff nipple can be used for any 
operations that introduce elevated pressure into a Well Where 
it is desired to isolate the annular space. For example, one or 
more packoff nipples can be ?t on the end of a mandrel of a 
Wellhead isolation tool to isolate an uphole Wellhead from 
high pressures and corrosive materials used doWnhole of the 
packoff nipples during Well stimulation. 

In further detail, an embodiment of the packoff nipple 
comprises a tubular body adapted to be positioned Within a 
bore of a Well pipe, With an annular space being formed 
betWeen the tubular body and the Well pipe. A sealing ring 
assembly comprising at least one elastomeric sealing ring is 
positioned to be axially moveable around the tubular body. 
Each sealing ring includes a doWnhole face having a circum 
ferential groove formed therein and an expansion portion 
adjacent the circumferential groove. The packoff nipple fur 
ther comprises an uphole stop positioned around the tubular 
body and uphole of the sealing ring assembly to substantially 
extend across the annular space, and an actuator positioned 
axially moveably around the tubular body and doWnhole of 
the sealing ring assembly. In operation, the actuator is caused 
to move uphole, such as by elevated pressure in the annular 
space beloW the actuator, and forcibly engage the sealing ring 
assembly. Mechanical force is therefore applied against or 
transferred to the doWnhole face of each sealing ring causing 
at least the expansion portion of each sealing ring to expand 
radially to seal the annular space and the sealing ring assem 
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bly to move uphole until it contacts the uphole stop. Upon 
contact With the uphole stop, the sealing ring or rings are 
axially compressed betWeen the actuator causing further 
radial expansion of the sealing rings to further accentuate the 
sealing of the annular space. Notably, the sealing rings adja 
cent the uphole stop are encouraged not to extrude past the 
uphole stop or otherWise become permanently destroyed 
When actuated, thereby allowing the packoff nipple to be used 
repeatedly in the same or other operations in a cost-effective 
manner. 

The sealing ring assembly preferably includes a plurality 
of stacked sealing rings to provide a redundancy in sealing. 
The sealing ring assembly can further include rigid spacers 
positioned betWeen the actuator and an adjacent sealing ring 
and betWeen adjacent sealing rings. The rigid spacers may 
assist in keeping the sealing rings perpendicular to the tubular 
body for tripping in and out of the Well pipe and in equalizing 
actuating forces exerted across the doWnhole face of a sealing 
ring. 

Preferably, the actuator is an elastomeric packer cup posi 
tioned doWnhole of the sealing ring assembly and being 
moveable on the tubular body, in Which case the packer cup 
provides a primary seal, With the sealing ring assembly pro 
viding a secondary seal. 

The sealing rings and the packer cup of the packoff nipple 
can also be adapted in various Ways to avoid pre-activation, 
Whereby the sealing rings and packer cup are forced from 
their protective running-in condition to an actuated condition 
and consequently damaged or destroyed as they enter the 
restrictive annular space. 

Further adaptations to the packoff nipple that provide func 
tional and structural advantages for any packoff nipple are 
also described. For example, the uphole stop can have a 
concave stop surface that urges or constrains a top of an 
adjacent sealing ring or any other suitable sealing member 
radially inWardly to avoid extrusion. In addition, an improved 
sleeve suitable for use With any sealing member, such as a 
packer cup, intended to be slidably ?t around a tubular body 
is also provided, Whereby the sleeve includes an upper radial 
compression surface to form a supplemental seal betWeen the 
radial compression surface and the tubular body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In draWings Which are intended to illustrate embodiments 
of the invention and Which are not intended to limit the scope 
of the invention: 

FIG. 1A is a cross-sectional vieW of one embodiment of a 
packoff nipple of the present invention; 

FIGS. 1B and 1C are cross-sectional vieWs of packoff 
nipples according to FIG. 1, With the packoff nipples posi 
tioned in a Well pipe and in a non-actuated condition (FIG. 
1B) and in an actuated condition (FIG. 1C); 

FIGS. 2A and 2B are cross-sectional vieWs of another 
embodiment of a packoff nipple of the present invention, With 
the packoff nipple positioned in a Well pipe and in a non 
actuated condition (FIG. 2A) and in an actuated condition 
(FIG. 2B); 

FIG. 2C is a partial cross-sectional vieW of a packer cup 
according to one embodiment of the invention, illustrating 
relaxed and engaged and positions in a Well pipe; 

FIG. 3 is a cross sectional vieW of a sealing ring of a packoff 
nipple according to an embodiment of the present invention; 

FIGS. 4A, 4B and 4C are sequential vieWs of a partial 
cross-section of a sealing ring according to an embodiment of 
the invention, With the sealing ring installed in a Well pipe and 
illustrated in a non-actuated condition (FIG. 4A), one pos 
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4 
sible actuated condition (FIG. 4B), and a further actuated 
condition With a top of the sealing ring in contact With an 
uphole stop (FIG. 4C); 

FIG. 5 is a cross-sectional vieW of an arrangement of a pair 
of packoff nipples according to yet another embodiment of 
the present invention, With a loWer packoff nipple in an actu 
ated condition and an upper packoff nipple in a non-actuated 
condition; 

FIGS. 6A, 6B and 6C are cross-sectional vieWs of an 
uphole stop of a packoff nipple according to other embodi 
ments of the present invention, With the uphole stop posi 
tioned in a Well pipe and a sealing ring engaged With the 
uphole stop; 

FIGS. 7, 8, 9, and 10 are cross-sectional vieWs of a packoff 
nipple according to yet other embodiments of the present 
invention, With the packoff nipple in a non-actuated condi 
tion; 

FIG. 11 is a cross sectional vieW of a bullnose end of a 
packoff nipple according to an embodiment of the present 
invention; 

FIG. 12 is a cross-sectional vieW of yet another embodi 
ment of a packoff nipple according to the present invention, 
having an integrated concave uphole stop; and 

FIG. 13 is a cross-sectional vieW of still yet another 
embodiment of a packoff nipple according to the present 
invention, With no sealing rings and an elongated packer cup. 

DESCRIPTION OF THE INVENTION 

With reference to FIGS. 1A-1C, 2A and 2B, embodiments 
of a packoff nipple 10 are shoWn generally comprising a 
tubularbody 12 having a threaded uphole end 14 connected to 
a threaded doWnhole end of a mandrel 1 6. A doWnhole end 18 
of the packoff nipple 10 terminates in a bullnose 20 for guid 
ing and centraliZing the packoff nipple 10 into the bore 11 of 
a Well tubing or casing, referred to herein as Well pipe 22. An 
annular sealing space 24 is formed betWeen the tubular body 
12 and the Well pipe 22. Positioned above the bullnose 20 is an 
upper sealing ring assembly 26 comprising at least one elas 
tomeric sealing ring 28 and sandWiched betWeen a loWer 
actuator or elastomeric packer cup 30 and an uphole annular 
stop 36 for actuating the sealing ring or rings 28. Optionally, 
the sealing ring assembly 26 can include rigid spacers 32 
positioned betWeen the packer cup 30 and an adjacent sealing 
ring 28 and betWeen adjacent sealing rings 28. Each of the 
sealing ring assembly 26 and packer cup 30 is adapted to be ?t 
or positioned around an outer circumference 34 of the tubular 
body 12 to extend outWardly into the annular sealing space 24 
and to move axially uphole and doWnhole along the tubular 
body 12. The invention may further comprise a doWnhole stop 
38 for limiting doWnhole axial movement of the sealing ring 
assembly 26 and the packer cup 30. 

In principle, elevated ?uid pressures in the annular sealing 
space 24 doWnhole of the packoff nipple 1 0, such as from Well 
stimulation operations, cause the packer cup 3 0 to actuate and 
move axially along the tubular body then to engage and actu 
ate the sealing ring assembly 26, thereby reversibly sealing 
the annular sealing space 24 With the packer cup 30 and each 
sealing ring 28. 

In detail and With further reference to FIGS. 3 and 4A-C, 
each sealing ring 28 has a pressure-facing doWnhole face 40 
With at least one circumferential groove 42 formed interme 
diate the face. Adjacent the circumferential groove 42 is a 
loWer expansion portion 44 of the sealing ring 28. Optionally, 
an O-ring is mounted Within the circumferential groove to 
enhance the expansion of the loWer expansion portion 44. 
Preferably, the O-ring 45 is made of a material having a higher 












